The aetiology of the rare hepatic failure following halothane anaesthesia is not known. In an attempt to develop an experimental model, three groups of guineapigs were exposed to air or oxygen, a single 1% halothane administration, or five exposures of 1% halothane at weekly intervals. In an attempt to identify a hypersensitivity reaction, all animals were skin-tested with the common final metabolite of halothane, fluroxene and isoflurane: trifluoroacetic acid, prepared as a complex with autologous serum protein. Hepatic necrosis was found in all groups and did not correlate with positive skin reactions. There was an increase in fatty changes in the liver in animals anaesthetized with halothane.
Other mechanisms of possible halothane-induced liver damage have been reviewed recently in greater detail (Carney and Van Dyke, 1972; Reves, 1974) .
The guineapig is an appropriate model for the study of halothane hepatitis. Areas of focal hepatic necrosis increase in number and severity with multiple exposures to halothane (Hughes and Lang, 1972) . Mathieu has induced experimental humoral (Mathieu et al., 1975) and delayed hypersensitivity (Mathieu et al., 1973 (Mathieu et al., , 1974 responses to the final metabolite of halothane, trifluoroacetate, conjugated with autologous serum protein. It was the purpose of this study to induce liver disease with repeated halothane exposures and to determine if hypersensitivity to trifluoroacetate occurred in animals suffering from liver necrosis.
METHODS
Twenty-nine Naval Medical Research Institute Hartley strain (NMRI[H] ) guineapigs, weight 350-550 g, fed on a commercially produced guineapig diet, and given water containing ascorbic acid 2 mg/ml were studied.
Preparation of the antigen
Trifluoroacetate (TFA) was conjugated with guineapig albumen (GPA) by the method of Goldberger and Anfinsen (1962) . The reagents involved were ethyl thioltrifluoroacetate (Pierce Chemical Company) and guineapig serum albumen (Sigma Chemical Company). The conjugated TFA-GPA was lyophilized and analysed for fluorine content (Schwarzkopf Microanalytical Laboratories, Woodside, New York): the fluorine content was 4.27%.
Halothane exposures
The animals were divided randomly into three groups. Ten animals served as control; five were exposed to 100% oxygen, and five to air for 2 h. Ten animals received a single exposure to halothane 1% in oxygen for 2 h, and nine animals were exposed to halothane 1 % in oxygen for 2 h each week for 5 consecutive weeks.
Skin tests
Skin tests were performed 3 days after the final exposure of all animals. The flanks were shaved, complete depilation was performed with calcium thioglycolate (Neet Lotion Hair Remover), and intradermal injections of 0.1 ml of physiological saline and 10 (xg of TFA-GPA in physiological saline were performed with a 25-gauge needle. Skin reactions were observed at 2, 4, 6 and 24 h and scored as either "immediate" or "delayed".
Immediate skin reactions were graded in severity according to the following criteria: (1) slight oedema (2) severe haemorrhage (3) severe oedema with necrosis and haemorrhage (4) marked haemorrhage and necrosis.
Delayed skin reactions were graded according to the diameter of erythema and induration at 24 h after skin-testing.
Liver study
The animals were sacrificed 5 days after the last exposure by a stunning blow to the head and exsanguination. The liver was examined with the naked eye for any abnormalities, and representative 5-mm slices from each lobe were placed in 10% formalin buffer. The fixed tissue was then sectioned and stained with haematoxylin and eosin for microscopic examination, and the degree of fatty changes were scored on a scale of 0 to 4: 0-less than 20% of all cells' cytoplasm contained less than 25% fat. 1-20-40% of all cells' cytoplasm contained less than 25% fat. 2-40-60% of all cells' cytoplasm contained 25-50% fat. 3-60-80% of all cells' cytoplasm contained 50-75% fat. 4-over 80% of all cells' cytoplasm contained over 75% fat. The presence or absence of areas of hepatic necrosis was noted on microscopic examination, and recorded.
Statistical analysis
The means for immediate and delayed results of TFA-GPA and saline skin tests and the mean score results of fatty changes of the three groups were compared with an unpaired t test. The incidence of necrosis in the three groups was compared using Chisquare analysis with Yates' correction factor. A value for P of less than 0.05 was accepted as significant. nine (multiple halothane). These are not significantly different at a confidence level of 5%. A typical area of necrosis is shown in figure 1. The necrosis was
RESULTS

Skin tests
The results of skin-testing expressed as a mean score during the first 6 h are given in table I. The highest mean score was 0.7 + 0.21 for the saline-tested control group at the 2-h reading, compared with 0.6 + 0.16 for the TFA-GPA-tested control group at the same reading. The responses were not significantly different between the TFA-GPA skin tests and the saline control skin tests during the first 6 h. The diameters of induration to the two test substances at 24 h are given in table II. There is no significant difference between the responses to TFA-GPA and saline, nor is there a difference (in TFA-GPA and saline skin tests) between the control, single and multiple exposure groups.
Liver
Six of the 10 animals in the control groups, five of 10 from single halothane exposure, and seven of nine from the multiple halothane exposure had livers which appeared abnormal to the eye with small subcapsular areas of white tissue. There was no macroscopic evidence of fatty changes in the liver, but microscopic examination revealed significant differences in the groups shown in table III. The fatty changes were general throughout the parenchyma, but were predominant in the centrilobular area. Commonly there were mild fatty changes in the cytoplasm with intact cell nuclei and borders. The degree of fatty change was greater in the single and multiple halothane groups (table III) (P<0.05), but there was no difference between the single and multiple halothane groups. Areas of necrosis were found in animals from all the groups. The incidence was two of 10 (control), three of 10 (single halothane exposure) and four of usually focal and subcapsular in the various hepatic lobes. It was consistent with coagulation necrosis with a persistent cellular outline, but pyknotic nuclei in some areas and karyolysis in other areas were noted. Fatty metamorphosis was not a prominent feature. The necrosis encountered in the controls was identical with the necrosis seen in the two experimental groups. Of the 29 animals, four manifested induration of 5 mm or greater in the 24-h cutaneous test. A 5 mm or greater skin reaction is considered positive, but in none of the animals with positive 24-h skin tests were there areas of necrosis.
DISCUSSION
Trifluoroacetic acid is the final metabolite of halothane and 12% to 20% of halothane is metabolized to this final product (Rehder et al., 1967; Blake and Cascorbi, 1970) . Fluroxene (Geddes, 1972) and the new fluorinated anaesthetic agent, isoflurane (Hitt et al., 1974) , are also metabolized to trifluoroacetic acid. The parent compounds are inert, relatively small compounds (molecular weight of halothane is 197) and, therefore, unlikely to be antigenic (Sela 1969) . Therefore, if hypersensitivity is the basis for hepatic dysfunction in patients anaesthetized with the fluorinated anaesthetic agents, it is probably a result of sensitization to a hapten-carrier-autologousprotein complex rather than the anaesthetic agent itself.
The present study was designed to reproduce the hepatic necrosis reported by Hughes and Lang (1972) ; however, the results are at variance. The present study differed in that the interval between multiple halothane exposures was 1 week shorter, the halothane exposures were 2 h in duration instead of 1 h, and the animals were sacrificed at 5 days after anaesthesia in this study, compared with immediate death or sacrifice 1 week after exposure in Hughes' report. It is unlikely that these differences account for the discrepancy in the findings of the two reports. There was no increased severity of hepatic necrosis in this study, nor was the trend towards an increased frequency statistically significant. The cause of hepatic necrosis in the control animals is not known; however, necrosis was similar in the controls and the halothane-treated animals. The areas of hepatic necrosis were primarily subcapsular and did not radiate from central veins, as did the necrosis in Hughes' study. The finding of significantly increased mild fatty changes is consistent with earlier reports of centrilobular fatty changes secondary to halothane and chloroform (Stephen et al., 1958) . The implication of fatty changes in these animals is not known since it was not associated with necrosis; however, fatty changes with this distribution are similar to those induced by hepatotoxins (Zimmerman, 1968) . It should be emphasized that the fatty changes were minimal with a mean score of 1.25 (Group II) and 1.17 (Group III) out of a maximum of 4.
Immune reactions to drugs may be divided into two major groups: immediate, involving antibody against the compound, and delayed, mediated by sensitized thymic (T) lymphocytes directed against tissue containing the compound. Mathieu and coworkers (1973 Mathieu and coworkers ( , 1974 Mathieu and coworkers ( , 1975 have shown clearly that the final halothane metabolite, trifluoroacetic acid, when forming a complex with a carrier protein, may induce both immediate and delayed hypersensitivity.
The fact that animals may be immunized with a halothane biotransformation product does not signify that halothane causes liver necrosis through a hypersensitivity mechanism. This has been demonstrated in recent studies in our laboratory in which animals were immunized to TFA-GPA, then exposed (challenged) with halothane; the hypersensitive animals had no greater degree of liver disease than the control animals (Reves and McCracken, 1976) .
The present study was designed to use the skin test as a tool to investigate hypersensitivity. Skin tests are useful primarily in identifying delayed hypersensitivity reactions, but a positive reading in the first 6 h is consistent with immediate hypersensitivity (Mills, 1966) . We found no evidence of immediate hypersensitivity in our study, in contrast to the work of Mathieu (using different methods), but this may be because the skin test is not an accurate method of detecting the presence of antibody and immediate hypersensitivity. Serological methods are more suitable for identifying antibody and immediate hypersensitivity.
The skin test is a good method for the detection of delayed hypersensitivity. A reaction of induration greater than 5 mm in diameter is considered positive. In the present experiments, there were four positive reactions among the 29 animals studied. In none of the animals with positive skin reactions was there hepatic necrosis. Thus, there appears to be no relationship between the hepatic necrosis and positive skin tests. Other in vitro methods, available for the study of delayed hypersensitivity, such as lymphocyte stimulation and leucocyte migration were not employed in this experiment.
It is concluded from these data that repeated halothane administration does not cause hepatic necrosis as an immune response which may be detected in the guineapig with a skin test. Whether or not the guineapig is a suitable animal, the sample was large enough, the antigen TFA-GPA was appropriate, or cutaneous testing is sufficiently sensitive, are valid questions. Other studies have indicated that the skin test employed is sensitive at the 24-h interval when animals are immunized with TFA-GPA (Reves and McCracken, 1976) . It is possible that the skin test with the carrier protein, guineapig serum albumen (autologous serum protein), is not appropriate, but it appears from other studies that the skin response is hapten-specific using similar carrier proteins (Mathieu et al., 1975) .
Since all experiments with trifluoroacetic acid as a complex with homologous carrier protein have been negative in demonstrating a cause-and-effect relationship between halothane and liver necrosis, other hapten-carrier complexes or antigens must be used. One such antigen is trifluoroacetaldehyde as a complex with autologous liver lipoprotein. We have used this antigen to induce hypersensitivity in the rat, but have been unable to demonstrate hepatic necrosis in animals immunized with this compound and exposed to halothane.
It would be useful to develop an experimental model of halothane hepatitis as has been done in other drug hypersensitivity states, such as penicillin. If the basis of this enigmatic disease is immunological, reproducible in vivo and in vitro studies will be developed to render the clinical diagnosis easier. We are continuing to attempt to develop such a model. 
SUMARIO
Se desconoce la etiologia del fallo hepatico infrecuente, tras la anestesia con halotano. Intentando desarrollar un modelo experimental, se expusieron tres grupos de cobayos a aire o oxigeno, una sola administration de halotano al 1%, o cinco exposiciones a halotano al 1 % a intervalos semanales. A fin de identificar una reaction de hipersensibilidad, todos los animales fueron sometidos a pruebas cutaneas con el metabolito final comun de halotano, fluroxeno e isoflurano: el acido trifluoroacetico, en forma de un complejo con proteina serica autologa. En todos los grupos se hallo necrosis hepatica que no se correlaciono con dermorreacciones positivas. En los animales anestesiados con halotano habia un aumento de alteraciones adiposas hepaticas.
